Intracellular DNA-protein complexes ('virosomes') of vaccinia virus have been isolated. The solubilization of the 'virosome'-bound DNA polymerase activity was attempted by a variety of high-salt extraction procedures. The most efficient of these used 0.3 M-ammonium sulphate followed by brief sonication. The solubilized DNA polymerase activity from the 'virosomes', together with the DNA polymerases from 100000 g supernatant fluids from the cytoplasm of infected and uninfected cells were chromatographed on DEAE-cellulose and their properties compared. The 'virosome' DNA polymerase activity differed from the soluble vaccinia virus-induced DNA polymerase activity in its requirements for divalent cations and in respect of pH optimum, Km for the deoxyribonucleoside triphosphates and the effect of Nethylmaleimide.
1 h in an SW39 rotor on the Beckman L2 ultracentrifuge. This supernatant fluid was taken to near saturation by the addition of 0.42 g/ml ammonium sulphate and the precipitate was collected by centrifugation at 75000 g for 30 min in an SW39 rotor. The pellet was dissolved in 10~o glycerol in the buffer described above, and dialysed overnight against 21 of the same buffer. Any remaining insoluble material was removed by repeating the centrifugation at 75 000 g for 30 min.
This method gave the best recovery of DNA polymerase activity, yielding 140 to 150 ~ of the activity in the 'virosomes'. This apparent activation is not an uncommon occurrence when solubilizing DNA-bound enzymes. Satisfactory solubilization (70 to 80~o) was also obtained using a combination of 0-2 M-NaC1 and 0-1 ~ sodium deoxycholate (Nowakowski et al., 1978) but it required prolonged processing to remove the deoxycholate, an inhibitor of the DNA polymerase activity. The other three methods used : solubilization with 1 M-NaC1 (Poulson et al., 1973) , 1 M-KCI and 0-3~ Triton X-100 (Lewis et al., 1974) and 0.4 M-potassium phosphate (Pedrali-Noy & Weissbach, 1977) gave only a 15 to 20 ~o recovery of DNA polymerase activity from the 'virosomes'.
The already soluble DNA polymerase activities from the cytoplasm of infected and mockinfected HeLa $3 cells were prepared by centrifuging cytoplasmic fractions at 100 000g for 1 h in an AR40 rotor of the Beckman L2 ultracentrifuge. The resulting supernatant fluids provided the starting material to compare with the DNA polymerase from the virus 'virosomes'. Treatment of these 100000 g soluble DNA polymerase preparations with 0.3 M-ammonium sulphate followed by ammonium sulphate precipitation as performed on the 'virosomes' resulted in an 80~o loss of DNA polymerase activity of mock-infected cells and a 20~o loss in vaccinia-infected cells. However, this treatment did not alter either the magnesium optimum or the Nethylmaleimide sensitivity of these DNA polymerase activities and so was not responsible for the different properties displayed by the DNA polymerase activity solubilized from the 'virosomes'. In view of the losses sustained, this treatment was omitted from the routine preparations.
The three soluble preparations of DNA polymerase were chromatographed on DEAEcellulose using stepwise elution with potassium phosphate buffer. The resulting profiles are shown in Fig. 1 . In Fig. 1 (a) the 100000g supernatant fluid from uninfected HeLa $3 cells was resolved into two peaks, one in the unbound fraction and a second major peak eluting in the 0.2 M step. Comparison with the results of other workers would suggest that the unbound activity is DNA polymerase fl and the second peak is DNA polymerase ct (Weissbach et al., 1971 (Weissbach et al., , 1975 . Fig. 1 (b) shows that these same two activities also appeared in the 100000 g supernatant fluid from vaccinia virus-infected HeLa $3 cells but an additional large peak of activity, the virusinduced DNA polymerase, appeared in the 0.1 M-phosphate elution step. In Fig. l(c) , chromatography of the solubilized DNA polymerase from the 'virosomes' shows a similar profile but here the unbound and 0.2 M peaks were much reduced and a major peak still remained in the 0.1 M-phosphate elution step.
The 0.1 M peak from the infected HeLa cell 100000 g fraction and the material solubilized from the 'virosomes' have been compared with each other and with the 0.2 M peak from the 100 000 g fraction of uninfected cells for a variety of properties in vitro. The response of the DNA polymerase activities to divalent cations was markedly different between the 'virosome' solubilized enzyme and the other two. In Fig. 2(a) , it can be seen that both the HeLa cell DNA polymerase and vaccinia virus-induced DNA polymerase exhibited the same optimal activity at 5 mM-MgCI: and both activities dropped sharply when the concentration was shifted from the optimum. The 'virosome' DNA polymerase activity had a dramatically different response to the MgC12 concentration with an optimum range of 30 to 50 mM which is a much higher and broader range than for either of the other two activities. This different response to divalent cations was also evident when magnesium was replaced by manganese. Fig. 2(b) shows that the HeLa cell DNA polymerase had virtually no activity when MnC12 was substituted for MgC12; the corresponding figure for the vaccinia virus-induced enzyme was 3~ and for the 'virosome' DNA polymerase up to 15700. Fraction number Fig. 1 . Ion-exchange chromatography of the various DNA polymerase preparations on DEAEcellulose. The column was equilibrated and washed with 0.02 M-potassium phosphate containing 0.005 M-EDTA, 0-005 M-2-mercaptoethanol, 0.05 M-Tris-HC1 pH 7.5 at 4 °C. After loading of the sample, unbound material was eluted with four column vol. starting buffer and subsequent elutions were carried out in 2 column vol. steps of 0.1 M-and 0.2 M-potassium phosphate. Fractions of 0.5 ml were collected and 15 ~tl samples of each were assayed for DNA polymerase activity in a mix containing: 1 mM-ATP; 100 ~tM each of CTP, GTP, UTP, dATP, dGTP, dCTP; 1 ~tM-[3H]dTTP (2 mCi/kt mol); 50 mM-KCI; 5 mM-MgCI2; 50 mM-Tris-HCl pH 8-0 at 37 °C; 0.8 mM-phosphoenolpyruvate; 3 Ixg/ml pyruvate kinase; 5 mM-2-mercaptoethanol; 260 ~tg/ml salmon sperm DNA activated by the method of Loeb (1969) . The total assay volume was 125 pl. After incubation at 37 °C for 60 rain, 100 Ixl of heat-denatured calf thymus DNA (2 mg/ml) was added as carrier and the acid-insoluble radioactivity was determined by precipitation with an equal volume of 20~ trichloroacetic acid (TCA), filtration on to GF/C filters followed by three washes with 5~0 TCA and one wash with cold ethanol. After drying, the discs were counted in a Tracerlab Corumatic scintillation counter with an efficiency of 25 ~. (a) Uninfected HeLa $3 100000 g supernatant fluid; (b) infected HeLa $3 100000 g supernatant fluid; (c) solubilized 'virosomes'. HeLa $3 3H-labelled DNA substrate (6000 ct/min/~tg; 3 ktg/assay) in either the native or denatured condition at pH values of 7.5 and 8.4 in the presence of 5 mM-MgCI2. Neither the HeLa cell nor the 'virosome' solubilized DNA polymerase preparations contained any detectable exonuclease activity. The soluble vaccinia virus-induced DNA polymerase preparations contained some exonuclease activity, about 10 to 15~ of the native 3H-labelled DNA and 25 to 30 ~o of the denatured 3H_labelled DNA being converted to an acid-soluble form at both the pH values tested. This activity is not surprising in view of the conclusion of Challberg & Englund (1979) that an exonuclease activity is an integral part of the soluble vaccinia virus DNA polymerase. Varying the pH of the assay mix between 6.0 and 9.0 also showed differences between the three enzyme activities. The HeLa cell polymerase activity showed an optimum pH range of 6-5 to 7-0 and vaccinia virus-induced DNA polymerase an optimum range of 7.5 to 8.5. In both of these cases, a shift of 0.5 pH units on either side of the optimum resulted in a considerable loss of DNA polymerase activity. The 'virosome' DNA polymerase, however, had a broad optimum between pH 6.5 and 8.5 and at the extremes of pH6-0 or pH9.0 still retained about 75% of the maximal activity.
Differences were also noted between the enzymes in their affinities for the deoxyribonucleoside triphosphates, the Km values of the HeLa cell DNA polymerase being 2.5 × 10 -s M, the vaccinia virus-induced DNA polymerase 1.25 × 10-5 M and the 'virosome' DNA polymerase 7.7 x 10 -6 M. All three enzyme activities were inhibited by N-ethylmaleimide but the 'virosome' DNA polymerase was less sensitive, retaining 40% of its activity even at 10 mM-Nethylmaleimide (see Table 1 ). Table 1 shows that in other respects the two enzyme activities from vaccinia virus-infected cells were similar to each other but differed from the HeLa cell DNA polymerase. Thus, both showed an optimal activity at 50 mM-KC1 whereas the HeLa cell enzyme was progressively inhibited by increasing concentrations of KCI. The molecular weights of the two virus activities were found to be between 109000 and 115000, compared to the HeLa cell enzyme mol. wt. of 160000. These were determined on 10 to 30Y/o glycerol gradients with lactate dehydrogenase (mol. wt. 140000) as a marker using the formula of Martin & Ames (1961 (Challberg & Englund, 1979) . The DNA polymerase activity solubilized from the 'virosomes' shows different biochemical properties and it is interesting to note in this context that Chang & Hodes (1969) using rabbit fibroma virus-infected cells detected a DNA polymerase activity that preferred 30 to 50 mM-MgC12.
We have no information on the role of the two DNA polymerase activities. However, Lambert & Magee (1977) concluded that about 60~ of observed D NA-synthesizing activity in infected cell cytoplasm in vitro was DNA replicative synthesis. This leaves 40 ~ of the observed DNA synthesis, which may be due to gap-filling or repair. It is thus possible that one DNA polymerase activity is responsible for replicative DNA synthesis and the other may act as a gapfilling or repair activity.
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